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It this stuic, we hoeaarei herebrat btooi  tow (CBa) ieages it aatietts with ieeettia with Lewc 2 
boiies (DLB) with those it the toreat hottrot ati Atzheieer’s iisease (AD) grouas, ati 3 
iteestigatei the retatiotshia betweet DLB ati teuroaschhiatrih sceatoes. The subjehts it the 4 
arobabte DLB groua were 28 outaatietts who  ut ittei the iiagtostih hriteria  or DLB ati 5 
utierwett sitgte-ahotot eeissiot hoeautei toeograahc (SsECT). CBa was atso eeatuatei it 32 6 
heatthc subjehts ati 37 aatietts with AD  or hoeaarisot betweet grouas, ati to eeatuate the 7 
aresethe o   tuhtuatitg hogtitiot, eisuat hattuhitatiots, aarkitsotise, REM steea behaeior 8 
iisorier (RBD), ati iearessiot it the DLB groua. Coeaarei with the AD groua, there was a 9 
sigti ihatt iehrease it CBa it the eeiiat ohhiaitat tobe it the DLB groua. Coeaarei with the 10 
DLB groua, there was a sigti ihatt iehrease it CBa it the eeiiat teeaorat tobe it the AD groua. 11 
A sigti ihatt iehrease it CBa was atso obsereei it the right eiiite teeaorat gcrus it the DLB 12 
groua with eisuat hattuhitatiots ati it the right suaerior teeaorat gcrus it the DLB groua with 13 
iearessiee sceatoes. There were to sigti ihatt ii  erethes it CBa with or without  tuhtuatitg 14 
hogtitiot, aarkitsotise, ati RBD it DLB. Statistihat ieagitg atatcsis there ore suggestei that 15 
eisuat hattuhitatiots ati iearessiee sceatoes were assohiatei with saehi ih areas o  iehreasei 16 
CBa. Thus, it was suggestei that teuroaschhiatrih sceatoes o  DLB eac be assohiatei with 17 
 saehi ih areas o  brait ics uthtiot.  18 
 19 
 20 
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The tueber o  aatietts iiagtosei with ieeettia hottitues to ithrease as the aoautatiot ages. 2 
Deeettia with Lewc boiies (DLB) is a teuroiegeteratiee iisease that was  irst reaortei it 1976 3 
bc Kosaka et at. 1) ati is the sehoti eost hoeeot  ore o  ieeettia, a ter Atzheieer's iisease 4 
(AD). At essettiat requireeett  or DLB iiagtosis is a arogressiee hogtitiee iehtite that is o  5 
su  ihiett eagtituie to itter ere with toreat sohiat or ohhuaatiotat  uthtiots, or with usuat iaitc 6 
ahtieities. DLB has eajor sceatoes suhh as eisuat hattuhitatiots, aarkitsotise,  tuhtuatitg 7 
hogtitiot, ati REM steea behaeior iisorier (RBD), ati atso ithtuies setsitieitc to attiaschhotih 8 
 agetts or seeere autotoeih ics uthtiot as hoeeot htitihat  eatures.  9 
A htitihat iiagtosis o  DLB is eaie ahhoriitg to ittertatiotat htitihat iiagtostih hriteria 2). DLB 10 
is ktowt to ithtuie iearessiee sceatoes it the aroiroeat stage 3); there are reaorts that 11 
iearessiee sceatoes are eore hoeeot it DLB aatietts that it AD aatietts, ati 40% o  DLB 12 
aatietts haee eajor iearessiot eaisoies 4, 5). It aiiitiot to iearessiee sceatoes, DLB aresetts a 13 
earietc o  aschhiatrih sceatoes suhh as hattuhitatiots, ietusiots, ati agitatiot. There ore, DLB 14 
hauses a tueber o  ieaaireetts it iaitc tieitg 6), teaiitg to a iehtite it quatitc o  ti e ati at 15 
 ithreasitg buriet ot haregieers 7).  16 
aurthereore, geriatrih eeiihat hare ati eatageeett are requirei behause DLB is o tet hoebitei 17 
with  atts,  rahtures, asairatiot, ati ateueotia 8). Howeeer, the aaaearathe o  aschhiatrih 18 
sceatoes is ithotsistett ati their ohhurrethe is ii  ihutt to areiiht. It the eartc stages o  iisease, 19 
it is esaehiattc ii  ihutt to htitihattc iistitguish DLB aatietts  roe AD aatietts behause o  their 20 
oeertaaaitg htitihat ati aathotogihat  eatures. To ii  erettiate DLB  roe other ieeettias, it is 21 
ieaortatt to htari c the ii  erethes betweet DLB ati AD, whihh is the eost hoeeot tcae o  22 
ieeettia. It aiiitiot, areiihtitg the eati estatiot o  aschhiatrih sceatoes it DLB is ieaortatt 23 
  or eartc aschhotogihat ittereettiot ati  or the eeatuatiot o  irug treateett oatiots.  24 
 It the iiagtostih hriteria o  DLB, teuroieagitg  itiitgs are ieaortatt. Aeotg the iiagtostih 25 
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hriteria, ioaaeite tratsaorter (DAT) shittigraahc ati Meta-ioiobetzctguatiiite (MIBG) 1 
ecohariiat shittigraahc haee behoee itiihatiee bioearkers that iirehttc hottribute to iiagtosis. 2 
As suaaortiee bioearkers, brait eagtetih resotathe ieagitg (MRI)/hoeautei toeograahc (CT) 3 
ati Sitgte-ahotot eeissiot hoeautei toeograahc (SsECT)/ atuorite-18 4 
2- tuoro-2-ieoxc-D-gtuhose (aDG) aositrot eeissiot toeograahc (sET) are ithtuiei 2). Howeeer, 5 
it Jaaat at teast, itiihatiee bioearkers suhh as DAT shittigraahc ati MIBG ecohariiat 6 
 shittigraahc are exaetsiee, ati a hheaaer ati sieater bioearker is requirei.  7 
 SsECT is a  uthtiotat brait ieagitg stuic that is hoeaaratieetc itexaetsiee to aer ore. Cerebrat 8 
btooi  tow (CBa) is ietereitei bc the sctaatih ietsitc ati ahtieitc o  eahh brait regiot whet 9 
there are to struhturat abtoreatities it the herebrat btooi eessets 9). Behause sites with reiuhei 10 
herebrat teree hett  uthtiot are ieaihtei as sites with reiuhei btooi  tow, a ii  erettiat iiagtosis 11 
o  ieeettia hat be aer oreei usitg ii  erethes it the hharahteristih aatterts o  12 
btooi- tow-reiuhei sites  or eahh iisease. The hharahteristih CBa reiuhtiot it DLB is seet as 13 
hcaoaer usiot it the ohhiaitat tobe, ithtuiitg the ariearc eisuat hortex. It AD, the CBa iehrease 14 
begits it the aosterior hitgutate gcrus ati arehuteus be ore sareaiitg to the aarietat tobe, 15 
teeaorat tobe, ati  rottat tobe as the iisease arogresses. Howeeer, the ariearc setsorc/eotor 16 
hortex, ohhiaitat eisuat hortex, thataeus, basat gatgtia, ati herebettue are tot easitc iaeagei it 17 
AD, ati the btooi  tow it these regiots is retatieetc eaittaitei. This is at ieaortatt iiagtostih 18 
aoitt. A eeta-atatcsis reaortei that the setsitieitc ati saehi ihitc o  SsECT it iistitguishitg 19 
betweet DLB ati AD is 70.2% ati 76.2%, resaehtieetc (DLB: hcaoaer usiot it the ohhiaitat or 20 
bitaterat aarietat tobes; AD: hcaoaer usiot it the utitaterat or bitaterat teeaorat/aarietat tobes) 10). 21 
Howeeer, atthough eatc stuiies haee hoeaarei CBa betweet ieeettia iiseases suhh as DLB ati 22 
AD, there are tieitei stuiies hoeaaritg CBa it retatiot to ii  erethes it sceatoes. Matc stuiies 23 
haee reaortei the retatiotshia betweet eisuat hattuhitatiots ati CBa, ithtuiitg scsteeatih 24 
reeiews that hothtuie that eisuat hattuhitatiots are retatei to hcaoaer usiot ati hcaoeetabotise 25 
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it the ohhiaitat tobe 11). Howeeer,  ew stuiies haee hoeaarei the retatiotshia betweet CBa ati 1 
 other teuroaschhiatrih sceatoes o  DLB.  2 
 It this stuic, we aieei to ahhuratetc iistitguish betweet DLB ati AD aatietts bc iirehttc 3 
hoeaaritg CBa o  aatietts with DLB to that o  aatietts with AD ati eeasuritg the ii  erethe. 4 
aurthereore, bc hoeaaritg the retatiotshia betweet teuroaschhiatrih sceatoes ati CBa o  DLB, 5 
 we aieei to htari c ieagitg-retatei  ahtors retatei to teuroaschhiatrih sceatoes o  DLB.  6 
 7 
A ucsestrtAcouAesroout  8 
We rehruitei aatietts with DLB or AD who utierwett hotsuttatiot at the Deaarteett o  9 
sschhiatrc o  aukuoka Utieersitc Hosaitat  roe 2011 to 2017. satietts with DLB  ut ittei the 10 
iiagtostih hriteria  or arobabte DLB 2) ati aatietts with AD  ut ittei the Natiotat Itstitute o  11 
Neurotogih, Coeeutihatiee Disoriers ati Stroke AD ati Retatei Disoriers Assohiatiot 12 
(NINCDS-ADRDA) iiagtostih hriteria  or arobabte AD 12) were ithtuiei. Att aatietts reheieei a 13 
eeiihat historc ittereiew ati teurotogihat exaeitatiots bc geriatrih aschhiatrc saehiatist or 14 
ieeettia saehiatist ati were exaeitei usitg eiti–eettat state exaeitatiots (MMSE) ati SsECT. 15 
Their iiagtoses were eaie bc the hotsetsus o  a aatet hoeaosei o  aschhiatrists, teurotogists, 16 
ati a tuhtear eeiihite saehiatist. We exhtuiei subjehts who were takitg ahetcthhotitesterase 17 
ithibitors, hai histories o  aschhiatrih iiseases, or hai obeious herebroeashutar tesiots it MRI or 18 
CT shats. satietts with eashutar stetosis or stroke were exhtuiei behause their asceeetrih 19 
herebrat aer usiot aro ite eac haee outweighei the iegeteratiee arohess ati hot outiei the 20 
resutts. The stuic aartihiaatts ati their tegat rearesettatiee gaee writtet hotsett  or their 21 
 aartihiaatiot it this stuic. It totat, 28 DLB aatietts ati 37 AD aatietts were setehtei. 22 
Geriatrih aschhiatrih saehiatist or ieeettia saehiatist iietti iei teuroaschhiatrih sceatoes suhh as 23 
 tuhtuatitg hogtitiot, eisuat hattuhitatiots, aarkitsotise, RBD, ati iearessiot it aatietts with 24 
DLB. To hoeaare with the DLB groua  or MMSE ati CBa, we setehtei 32 age-eathhei toreat 25 
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hottrots (NC)  roe a toreat iatabase it the Natiotat Cetter o  Neurotogc ati sschhiatrc. This 1 
stuic was aaaroeei bc the Itstitutiotat Reeiew Boari o  aukuoka Utieersitc (Ethihat reeiew 2 
 tueber 2018M028).  3 
 Att aartihiaatts with DLB ati AD reheieei SsECT with Th-99e ethcthcsteitate iieer (Th-99e 4 
ECD). The SsECT shat startei 5 eit a ter the aieitistratiot o  600 MBq o  Th-99e ECD, ati 5 
iata were hottehtei  or 20 eit usitg a 3-heai gaeea haeera (sRIZM 3000 IRIX, shitias). The 6 
SsECT ieages were rehotstruhtei usitg the  itterei bahk arojehtiot (aBs) eethoi usitg a 7 
Butterworth  itter (orier 8, hut-o   teeet 0.22 hchtes/aixet). Attetuatiot horrehtiot was aer oreei 8 
usitg Chatg's eethoi. Ieage atatcsis was aer oreei usitg statistihat aaraeetrih eaaaitg (SsM) 9 
12 so tware (authtiotat Ieagitg Laboratorc, Wetthoee Trust Cettre  or Neuroieagitg, Itstitute o  10 
 Neurotogc, UCL, UK) ruttitg it MATLAB R2015a (The MathWorks, Natihk, MA, USA).  11 
Att aartihiaatts with segeettatiot errors were exhtuiei bc eisuat itsaehtiot. Att o  the ieages 12 
were saatiattc toreatizei itto the MNI statiari teeatate (Mottreat Neurotogihat Itstitute, MhGitt 13 
Utieersitc, Mottreat, Cataia) arior to statistihat atatcsis. Saatiattc toreatizei ieages were 14 
seoothei bc hoteotutiot usitg at isotoaih Gaussiat kertet with a 12 ee  utt wiith at hat  15 
eaxieue. Statistihat hoeaarisots withit subjehts were aer oreei ot a eoxet-bc-eoxet basis usitg 16 
two-wac ANO A ( utt  ahtoriat atatcsis ot SsM12), geteratitg SsM (t) eaas. The resuttitg eaas 17 
o  a-statistihs ati t-statistihs were hreatei usitg a height threshoti at p < 0.01 (a test) ati p < 18 
0.001 (  test), uthorrehtei  or euttiate hoeaarisots. The extett threshoti o  400 eoxets was atso 19 
usei whet hotsiieritg whether the htuster was sigti ihatt. The two-taitei aairei t test was usei to 20 
hoeaare htitihat  eatures at the ititiat exaeitatiot with those at the sehoti exaeitatiot it eahh o  21 
the two grouas, white the two-taitei tot-aairei t test was usei to hoeaare the htitihat ati 22 
 ieeograahih hharahteristihs betweet the two grouas. 23 
 24 
Aestctrt  25 
8 
 
Deeograahih ati hogtitiee  itiitgs o  att aartihiaatts with DLB, AD, ati NC are showt it Tabte 1 
 1. MMSE shores were sigti ihatttc tower it the DLB ati AD grouas that it the NC groua.  2 
The ieeograahih sueearc ati teuroaschhiatrih sceatoes o  DLB are showt it Tabte 2. The age 3 
at otset was 70.9 ± 6.1 cears (ratge 60–81), ati the eeat tetgth o  eiuhatiot was 12.3 ± 3.2 cears 4 
(ratge 1-20). The aerhettages o  hore sceatoes were 67.9%  or  tuhtuatitg hogtitiot, 60.7%  or 5 
eisuat hattuhitatiots, 82.1%  or aarkitsotise, ati 35.7%  or RBD. 25.0% o  DLB groua hai 3 6 
hore sceatoes that are  tuhtuatitg hogtitiot, eisuat hattuhitatiots, ati aarkitsotise. 21.4% o  7 
DLB groua hai 2 hore sceatoes that are  tuhtuatitg hogtitiot ati aarkitsotise. Dearessiee 8 
 sceatoes were as  requett as 64.3%.  9 
Next, we showei hhatges it CBa obtaitei bc SsECT ieage atatcsis. Whet hoeaaritg betweet 10 
NC ati DLB, sigti ihatt hcaoaer usiot was obsereei it a wiie ratge o  herebrat hortex areas it 11 
 the DLB (aig. 1). 12 
Coeaaritg AD ati DLB grouas, there was sigti ihatt hcaoaer usiot it the eeiiat ohhiaitat tobe 13 
it the DLB hoeaarei with AD (aig. 2a). It aiiitiot, the AD groua hai sigti ihatt hcaoaer usiot 14 
arouti the hiaaohaeaus ati it the aosterior hitgutate gcrus ati arehuteus hoeaarei with DLB 15 
 (aig. 2b).  16 
Next, we eeasurei hhatges it CBa it the DLB groua with or without  tuhtuatitg hogtitiot, eisuat 17 
hattuhitatiots, aarkitsotise, RBD, or iearessiee sceatoes. A sigti ihatt hcaoaer usiot was 18 
obsereei it the right eiiite teeaorat gcrus it the groua with eisuat hattuhitatiots hoeaarei with 19 
the groua without eisuat hattuhitatiots (aig. 3). It aiiitiot, whet hoeaaritg CBa with ati 20 
without iearessiee sceatoes, there was a sigti ihatt hcaoaer usiot it the right suaerior teeaorat 21 
gcrus it the groua with iearessiee sceatoes (aig. 4). There were to sigti ihatt ii  erethes it 22 
 CBa with or without  tuhtuatitg hogtitiot, aarkitsotise, ati RBD it DLB, howeeer. 23 
 24 
A iottcttooo  25 
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This stuic reeeatei ii  erethes betweet DLB ati NC or AD grouas it SsECT ieagitg ati 1 
 ieeotstratei hhatges it CBa with ii  erett teuroaschhiatrih sceatoes o  DLB.  2 
 It aatietts who eet the htitihat hriteria  or DLB, statistihat atatcsis o  SsECT ieages reeeatei 3 
hcaoaer usiot it the ohhiaitat tobes o  DLB hoeaarei with AD, white AD hai hcaoaer usiot it 4 
the aosterior hitgutate gcrus ati arehuteus hoeaarei with DLB; this aattert o  iehreasei CBa 5 
 has beet showt it areeious stuiies 13-17).  6 
 With eisuat hattuhitatiots, there was a sigti ihatt iehrease it CBa it the right eiiite teeaorat 7 
gcrus. The eeiiat teeaorat gcrus is iteoteei it ii  erett arohesses suhh as iistathe rehogtitiot, 8 
 ahe rehogtitiot, ati wori rehogtitiot iuritg reaiitg tasks 18). The tower two-thiris o  the 9 
teeaorat gcrus (eiiite ati it erior teeaorat gcrus) are iteoteei it eorahotogihat eisiot ati 10 
aerheatiot. Disruatiot o  this area eac resutt it hotor btititess, ieage agtosia, ati arosoaagtosia. 11 
Lathtôt et at. showei that CBa it the right eiiite teeaorat gcrus was retatieetc tow it AD it 12 
assohiatiot with aggressiot 19). Atthough eisuat hattuhitatiots are ktowt to be assohiatei with 13 
reiuhei ohhiaitat tobe btooi  tow it DLB 11), the resutts o  our stuic with ati without eisuat 14 
hattuhitatiots o  DLB aatietts suggest that atother eehhatise eac be iteoteei it eisuat 15 
hattuhitatiots. Hcaoaer usiot it the eeiiat teeaorat gcrus eac hause eisuat ittusiots ati 16 
eisiietti ihatiot, whihh eac eati est as eisuat hattuhitatiots. It aiiitiot, whet eisuat 17 
hattuhitatiots ohhur, aatietts are o tet htitihattc aggressiee, whihh suggests that the aaaearathe o  18 
 aggressiot eac aroeote eisuat hattuhitatiots. 19 
 With iearessiee sceatoes, there was a sigti ihatt iehrease it CBa it the right suaerior teeaorat 20 
gcrus it our resutt. The right suaerior teeaorat gcrus hotsists o  the ariearc auiitorc hortex ati 21 
 auiitorc areas 20) ati is iteoteei it eeotiotat arohessitg ati sohiat hogtitiot 21). 22 
A eeta-atatcsis o   MRI stuiies o  iearessiot totei that the right suaerior teeaorat gcrus is ote 23 
o  the eost hotsistetttc iietti iei areas iteoteei it its aathoahcsiotogc 22). It is atso reaortei that 24 
seatter eotuees o  the te t hiaaohaeaus ati right suaerior teeaorat gcrus ot MRI it aatietts with 25 
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iearessiot are retatei to totger iuratiots o  iearessiee sceatoes 23), suggestitg a htose 1 
retatiotshia betweet the right suaerior teeaorat gcrus ati iearessiee sceatoes. It aiiitiot,  MRI 2 
stuiies haee showt that iearessei aatietts with AD haee reiuhei  uthtiotat hottehtieitc betweet 3 
the hcaothataeus ati the suaerior teeaorat gcrus 24). It sD aatietts with iearessiee sceatoes, 4 
iehreasei CBa is atso obsereei it the right suaerior teeaorat gcrus ati right eeiiat orbito rottat 5 
hortex 25), suaaortitg the resutts o  this stuic. Abtoreat suaerior teeaorat gcrus ahtieitc was 6 
obsereei it the bahkgrouti o  aatietts with iearessiee sceatoes, suggestitg that iearessiee 7 
 sceatoes it DLB atso show sieitar hhatges.  8 
The aresett stuic has seeerat tieitatiots. airst, the saeate size was seatt, ati the statistihat aower 9 
was there ore tow. auture stuiies witt teei to use targer saeate sizes to ithrease statistihat aower. 10 
Sehoti, teuroaschhiatrih sceatoes were assessei ottc  or their aresethe ati absethe, ati 11 
sceatoe iegree was tot assessei usitg a ratitg shate. It aiiitiot, atthough sceatoes were 12 
eeatuatei bc a traitei aschhiatrist, thec eac haee beet utierestieatei or oeerestieatei. Thus, we 13 
witt hotsiier usitg at eeatuatiot shate it the  uture. Thiri, a groua o  aatietts with eajor 14 
iearessiee iisorier (MDD) shouti be ithtuiei it  uture stuiies. A hoeaarisot o  aatietts with 15 
MDD ati DLB witt aroeiie eore ietaitei it oreatiot about the aathoahcsiotogc o  iearessiot it 16 
 DLB aatietts.  17 
 18 
Aooottctooot  19 
It aatietts with DLB, SsECT ieagitg ati statistihat atatcsis reeeatei areas o  CBa that ii  erei 20 
it the aresethe or absethe o  teuroaschhiatrih sceatoes. It was suggestei that teuroaschhiatrih 21 
 sceatoes o  DLB eac be assohiatei with saehi ih areas o  brait ics uthtiot.  22 
 23 
Aocouoo Atocatst 24 
This researhh reheieei to saehi ih gratt  roe atc  utiitg agethc it the aubtih, hoeeerhiat, or 25 
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Aes soutAeoaAoo cast  
aig. 1: Brain regions with hypoperfusion in patients with DLB (n = 28) compared with NC (n = 32) 
using SPM analysis of cerebral perfusion SPECT.  
Patients with DLB showed a hypoperfusion in a wide range of cerebral cortex included posterior, 
frontal and parietal lobe (Voxel level: p < 0.001 uncorrected; cluster level: p < 0.05 FWE corrected). 
The color bar represents the range of the T value.  
aig. 2: Brait regiots with hcaoaer usiot it aatietts with DLB (t = 28) hoeaarei with AD (t = 37) 
using SPM analysis of cerebral perfusion SPECT.  
a. Patients with DLB showed a hypoperfusion in the medial occipital lobe (Voxel level: p < 
0.001 uncorrected; cluster level: p < 0.05 FWE corrected). The color bar represents the 
range of the T value.  
b. Patients with AD showed a hypoperfusion around the hippocampus and in the posterior 
cingulate gyrus and precuneus (Voxel level: p < 0.001 uncorrected; cluster level: p < 0.05 
FWE corrected). The color bar represents the range of the T value.  
aig. 3: Brain regions with hypoperfusion in patients with visual hallucinations (n = 17) compared 
with patients without visual hallucinations (n = 11) in DLB using SPM analysis of cerebral 
perfusion SPECT.  
Patients with visual hallucinations in DLB showed a hypoperfusion in the right middle temporal 
gyrus (Voxel level: p < 0.001 uncorrected; cluster level: p < 0.05 FWE corrected). The color bar 
represents the range of the T value.  
aig. 4: Brain regions with hypoperfusion in patients with depressive symptoms (n = 18) compared 
with patients without depressive symptoms (n = 10) in DLB using SPM analysis of cerebral 
perfusion SPECT.  
Patients with depressive symptoms in DLB showed a hypoperfusion in the right superior 
temporal gyrus (Voxel level: p < 0.001 uncorrected; cluster level: p < 0.05 FWE corrected). The 
color bar represents the range of the T value.  
 
DLB NC AD
N 28 32 37
Sex(F/M) 19/9 20/12 29/8
Age, mean±SD (range), y 72.3±6.5(62-82) 72.6±3.4(68-78) 73.0±8.6(54-85)
MMSE score, mean±SD (range) 24.1±4.7*(13-30) 29.8±0.4(29-30) 21.3±4.5*(12-28)
Table 1. Demographic features of study participants
*p < 0.05: Tukey-Kramer test compared with NC (two-sided). 
DLB, dementia with Lewy bodies; NC, normal controls; AD, Alzheimer’s disease; MMSE, 
mini-mental state examination; SPECT, single-photon emission computed tomography.
17
Age at disease onset, mean±SD (range), y 70.9±6.1(60-81)
Education, mean±SD (range), y 12.3±3.2(1-20)
Fluctuating cognition, % 67.9
Visual hallucination, % 60.7
Parkinsonism, % 82.1
REM sleep behavior disorder, % 35.7
Depression, % 64.3
Table2 Demographic summary of DLB subjects (n = 28)
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